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AUGMENTED REALITY CURSORS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Provisional
Patent Application No. 62/692,557, filed Jun. 29, 2018.

BACKGROUND

Augmented reality 1s a relatively new technology which
involves incorporating computer-generated graphics nto a
view of a user’s real physical environment. Typically, aug-
mented reality applications are performed with devices such
as smartphones or goggles, which incorporate a camera for
capturing an image of the user’s physical environment, and
a display for presenting the augmented view. The capabili-
ties of such applications, however, are often limited by the
available means by which the user may interact with the
environment.

BRIEF DESCRIPTION OF THE DRAWINGS

Various techniques will be described with reference to the
drawings, 1n which:

FIG. 1 illustrates an example of augmented reality cur-
sors, 1n accordance with an embodiment;

FIG. 2 1llustrates an example of modal switching of an
augmented reality cursor, in accordance with an embodi-
ment,

FI1G. 3 1s a tflowchart that illustrates an example procedure
for modal switching of an augmented reality cursor, 1n
accordance with an embodiment:

FI1G. 4 1s a tlowchart that illustrates an additional example
procedure for modal switching of an augmented reality
cursor, 1n accordance with an embodiment:

FIG. 5 1s a flowchart that illustrates an example procedure
for multi-selection with an augmented reality cursor, in
accordance with an embodiment;

FIG. 6 illustrates an example of an augmented reality
cursor mode, 1n accordance with an embodiment;

FI1G. 7 1s a flowchart that illustrates an example procedure
for sharing augmented reality cursor states, 1 accordance
with an embodiment;

FI1G. 8 1s a tlowchart that illustrates an additional example
procedure for modal switching of an augmented reality
cursor based on evolving information states, 1n accordance
with an embodiment:

FIG. 9 1llustrates an example of multi-selection 1n aug-
mented reality, 1n accordance with an embodiment;

FIG. 10 1s a flowchart that illustrates an example proce-
dure for goal seeking in augmented reality, 1n accordance
with an embodiment;

FIG. 11 1s a flowchart that 1llustrates an example proce-
dure for threat avoidance in augmented reality, 1n accor-
dance with an embodiment;

FI1G. 12 1llustrates an example augmented reality services
platiorm;

FIG. 13 1s a flowchart that illustrates an example proce-
dure for using cursors 1n an augmented reality environment;
and

FIG. 14 illustrates an environment in which various
embodiments can be implemented.

DETAILED DESCRIPTION

Techniques and systems described below relate to
improvements to the means by which users can interact with
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2

augmented reality devices. In one example, techmques for
selecting multiple objects within a scene are described. In
another example, techniques for presenting available modes
of interaction with objects 1n a scene, using attachable
cursors, are described. In other examples, techmques for
facilitating accomplishment of user goals and enhancing
user safety are described.

In an embodiment, an augmented reality device comprises
at least one processor and a memory. The memory stores
executable instructions that, when executed by the processor
of the augmented reality device, cause the augmented reality
device to facilitate selection of multiple objects within an
augmented reality scene. Execution of the instructions
causes the processor to display a cursor near a first object 1n
a virtual reality scene. The cursor might be positioned near
the first object 1 response to a gesture made by the device’s
user, for example. In response to a second gesture, the device
displays a graphical element or device indicating that the
first object has been selected. The cursor 1s then positioned
proximate to a second object, but the visual indication of the
first object’s selected state remains displayed after the cursor
1s moved.

For example, in an embodiment, an augmented reality
cursor 1s presented to the user and 1s manipulated by the user
to 1dentify an object of interest. Based on another input
gesture, such as a pause 1n eye movement, voice 1nput,
mamipulation of a control, and so forth, the cursor becomes
attached to the object of interest. In response to subsequent
eye movement, the cursor splits 1n two, leaving a marker on
the object to indicate that the object was selected, and
moving to another object to indicate that this second object
might also be selected. The user then proceeds to select this
and other objects using the same technique. Various actions
may then be taken on the set of selected objects.

In an embodiment, an augmented reality cursor changes
modes based on identification of a proximate object and a
determination of available modes of interacting with those
objects. Here, the object being proximate means that 1t 1s
close to a cursor. A mode of interaction can be determined
based on an analysis or classification of an object that 1s
close to the cursor. For example, based on classification of
an object 1n the scene as a group of objects, the cursor mode
may change to a “magnifying glass mode” which facilitates
fine-grained selection of individual objects within the group.
Other examples of mode changes include indications that
additional information 1s available about the object, indica-
tions that objects of like type can be multi-selected, and so
on.

In the preceding and following description, various tech-
niques are described. For purposes of explanation, specific
configurations and details are set forth in order to provide a
thorough understanding of possible ways of implementing
the techmiques. However, it will also be apparent that the
techniques described below may be practiced in different
configurations without the specific details. Furthermore,
well-known features may be omitted or sumplified to avoid
obscuring the techniques being described.

Techniques described and suggested 1n the present dis-
closure improve the field of computing, especially the field
of augmented reality, by providing improved mechanisms
for user interaction with an augmented reality device. More-
over, techniques described and suggested 1n the present
disclosure are necessarily rooted in computer technology 1n
order to overcome problems specifically arising in aug-
mented reality devices.

FIG. 1 illustrates an example of augmented reality cur-
sors, 1n accordance with an embodiment. In the example
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100, an augmented reality scene 102 1s captured by an
augmented reality device. Augmented reality refers to the
integration ol computer-generated elements into a real-
world environment. An augmented reality device provides
this integration. For example, an augmented reality device
may comprise a video camera, a microphone, a video
display, and a speaker. The augmented reality device may
capture video and audio of the surrounding environment,
using the video camera and microphone. The augmented
reality device may further generate, or cause to be generated,
additional visual and/or audio elements and integrate those
into an environment presented to a user of the augmented
reality device, using the wvideo display and speaker. An
augmented reality scene, which may also be described
herein as a scene, mcludes the display visible to the user of
an augmented reality device, and may include both real and
enhanced depictions of objects, as well as artificially gen-
crated objects.

Continuing with the example 100, the scene 102 repre-
sents the environment of the augmented reality device, along
with the generated elements. For example, a video display of
an augmented reality device might comprise elements cor-
responding to those depicted 1n the scene 102 of example
100. It should be noted that both the environment of the
augmented reality device and the depicted scene 102 are
dynamic. For example, the augmented reality device may be
reoriented or repositioned 1n space, and the people 104 and
objects 106 1n the scene may move.

The augmented reality device may project a cursor 110
into the environment in order to facilitate interaction with
the scene 102. For example, the augmented reality device
may support gestures or input mechanisms which facilitate
positioning of the cursor 110 within the scene, and further
gestures or input mechanisms which facilitate activation of
cursor functions. Various imput gestures may be used,
including but not limited to eye movement, hand movement,
speech, and so on.

In an embodiment, eye gaze gestures are used to position
the cursor near a person 104a, and an eye hover gesture used
to activate a cursor function. Here, eye gaze refers to the user
directing his or her vision to look at the person 104a 1n a
scene, and eye hover refers to pausing eye movement more
than a threshold amount of time, so that the user’s gaze
remains focused on the person 104a during that period.

In an embodiment, the eye hover gesture causes activation
of the cursor function. In the example 100 of FIG. 1, the
activation causes a secondary cursor 112 to become attached
to the person 104aq. Attaching to the object comprises
identifying the person 104aq within the scene, tracking the
movement of the person 104a within the scene, and display-
ing a secondary cursor 112 in the proximity of the person
104a. The augmented reality device maintains the position
of the secondary cursor 112a with respect to the person
104a, even as the person moves about the scene 102.

In an embodiment, after the secondary cursor 112 1s
attached to the person 104qa, the augmented reality device
continues to track the user’s eye gaze as 1t moves to another
position. While this happens, the secondary cursor 1124
remains attached to the person 104a, as the user’s eye
movement causes the primary cursor 110 to move about the
scene 102. Here, the secondary cursor 112a acts as an
indication of a selected state of the person 104a.

Multiple objects within the scene 102 may be selected in
this manner. For example, after secondary cursor 112a was
attached to a first person 104a, the user might gaze at a
second person 1045, activate the cursor function by pausing
his or her gaze momentarily, and thereby cause an additional
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secondary cursor 11256 to be attached to the second person
1045. This might be repeated again with respect to a third
person 104¢, and so on. The augmented reality device can
maintain the attachment of each secondary cursor 112, even
as the associated people 104 move about the scene, while
turther selections are accomplished.

In an embodiment, an augmented reality device facilitates
multi-selection by employing classification ol objects
tagged 1n the manner just described. For example, after a
user tags an object with a second cursor 112a, the augmented
reality device may automatically tag similar objects within
the scene 102. For example, after the user tags a first person
104a, the system might automatically tag the other two
people 104H,c within the scene. In another instance, eye gaze
gestures are assisted based on the classification, for example
by “snapping” the active cursor 110 onto objects in the same
class as those recently tagged, and avoiding other object 106
not similar to objects that were recently tagged.

An augmented reality cursor may undergo various modal
transformations. Examples of these are provided by FIG. 2,
which 1llustrates an example of modal switching of an
augmented reality cursor, in accordance with an embodi-
ment.

As depicted by the example 200 of FIG. 2, one mode of
an augmented reality cursor 1s that of an active cursor 202.
In the example 200, an active cursor 202 1s one that may be
moved about an augmented reality scene, such as the scene
102 depicted 1n FIG. 1, and place 1n the proximity of various
objects, such as near a person 208a.

As depicted by the example 200 of FIG. 2, another mode
of an augmented reality cursor 1s that of an attached cursor
204. In the example 200, an attached cursor 204 1s one that
has been linked to an object, such as the depicted person
208b. An attached cursor 204 can be used to indicate that the
object 1s 1n a selected state, after the active cursor 202 has
been moved to focus on another object within the scene.

In an embodiment, the attachment of a cursor 204 and
person 2085 1s retlected by graphical indications 1n the scene
depicted by the augmented reality device. For example, the
attached cursor 204 may move about the scene so that 1t
tracks the movement of the person 2085 to which the cursor
1s attached. In other words, the indication of the selected
state provided by the attached cursor 204 remains proximate
to a selected object, even as the position of that object moves
around 1n the augmented reality scene. This may be accom-
plished based, at least partly, on the various services
depicted 1n FIG. 12.

In an embodiment, the attachment of the cursor 204 1s
indicated by a line drawn in the scene between the person
2085 and the attached cursor 204. In other embodiments,
attachment 1s 1ndicated by other graphical indicia, such as a
change to the color of the object, textual displays (e.g.
textual displays identitying the object to which the cursor 1s
attached), a marker positioned near the object, and so forth.

As depicted by the example 200 of FIG. 2, another mode
ol an augmented reality cursor 1s that of a contextual cursor
206. The contextual cursor 206, in an embodiment, 1s a
cursor whose mode has changed based on one or more
factors including 1) object(s) identified 1n the proximity of
the cursor, 2) information obtained about object(s) n the
proximity of the cursor, 3) attachment to an object, and 4)
iput gestures, including eye movement or the cessation of
eye movement, speech, and various physical gestures.

In an embodiment, the contextual cursor 206 represents
extended modes of interacting with an attached object, 1n
this case the attached person 208c. The extended modes of
interacting can include facilities for zooming in, making
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more refined selections, making multiple choice selections,
and so forth. In some instances, the contextual cursor may
convey information using graphical indicia, with or without
changing 1ts mode of user mput.

In an embodiment, a contextual cursor can be attached to
an object and can maintain 1ts state even when no longer
active. For example, an active cursor 202 might switch
modes to become a contextual cursor 206 which facilitates
multiple-choice selection. These selections can be preserved
and displayed even when the active cursor has moved on to
facilitate interaction with other objects. A first contextual
cursor might indicate that “Choice A has been tentatively
applied to a first object, and “Choice B” has been applied to
a second object. The user of the augmented reality device
might then perform a gesture which causes the selected
choices to be applied en masse to each object that has an
associated contextual cursor.

FI1G. 3 1s a flowchart that illustrates an example procedure
for modal switching of an augmented reality cursor, i1n
accordance with an embodiment. Some or all of the process
300 (or any other processes described, or variations and/or
combinations of those processes) may be performed under
the control of one or more computer systems configured
with executable instructions and/or other data, and may be
implemented as executable instructions executing collec-
tively on one or more processors. The executable instruc-
tions and/or other data may be stored on a non-transitory
computer-readable storage medium (e.g., a computer pro-
gram persistently stored on magnetic, optical, or flash
media).

For example, some or all of process 300 may be per-
formed by an augmented reality device comprising a non-
transitory computer-readable storage medium on which
executable instructions are stored, and one or more proces-
sors capable of executing the structions. In some embodi-
ments, the augmented reality device may work 1n conjunc-
tion with remote services provided by a server in a data
center. For example, the augmented reality device may
perform some functions using various components of the
environment 1400 described 1n conjunction with FIG. 14,
such as the one or more web servers 1406 or the one or more
application servers 1408.

The process 300 includes a series of operations wherein
an augmented reality cursor 1s positioned, changes mode,
and performs an operation 1n response to modal 1nput.

At 302, the augmented reality device positions a cursor 1n
response to a first gesture. This operation may 1n some
respects be analogous to positioning a cursor in a graphical
desktop environment. However, there are a number of
differences. For example, the scene 1s representative of a
three-dimensional environment, and as such, the positioning,
of the cursor accounts for the location of the object 1n all
three dimension. In an embodiment, movement of the cursor
within this space 1s done in two-dimensions, and depth of the
cursor (and any selections made by 1t) inferred by proximaity.
For example, the device might select an object that 1s nearest
in the z dimension to the two-dimensional plane of an X, y
dimension 1n which the cursor moves. The two-dimensional
plane might be located nearest to the user, e.g. at z-O.

In another embodiment, movement of the cursor 1s 1n
three dimensions. In embodiments, movement in the third
dimension may be facilitated by the augmented reality
device, based on the z positions of 1dentified objects. For
example, as the cursor moves, 1t may be moved 1n the z
direction by the device, based on the z location of an
identified object.
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At 304, the augmented reality device changes the cursor
mode 1n response to a second gesture. In an embodiment, the
mode change comprises a shift to a contextual mode that
relates to an object 1n the proximity of the cursor when the
second gesture was performed or otherwise activated.
Another example of a mode shilt 1s a transition to a
multi-select mode. For example, the cursor may first be
positioned by the user using an eye movement gesture. Then,
in response to the user pausing movement of his or her gaze,
the augmented reality device changes the mode of the cursor
to a “tag mode” indicated by some form of graphical indicia,
and becomes either attached to a nearby object or fixed to
some location 1n the scene.

At 306, the augmented reality device performs an opera-
tion 1n response to modal input. In an embodiment, this
might comprise accepting a multiple-choice mput selection,
or accepting a more refined selection via a magnitying glass
tool. Other examples are provided herein. In an embodiment
of the “tag mode” just described, the operation might
comprise splitting off a new cursor 1n response to the user
resuming eye movement. It will, of course, be appreciated
that these examples are mtended to be illustrative, and as
such should not be construed so as to limit the scope of the
present disclosure to only the specific examples provided.

FIG. 4 1s a flowchart that illustrates an additional example
procedure for modal switching of an augmented reality
cursor, 1n accordance with an embodiment. Some or all of
the process 400 (or any other processes described, or varia-
tions and/or combinations of those processes) may be per-
formed under the control of one or more computer systems
configured with executable instructions and/or other data,
and may be implemented as executable instructions execut-
ing collectively on one or more processors. The executable
instructions and/or other data may be stored on a non-
transitory computer-readable storage medium (e.g., a com-
puter program persistently stored on magnetic, optical, or
flash media).

For example, some or all of process 400 may be per-
formed by an augmented reality device comprising a non-
transitory computer-readable storage medium on which
executable 1nstructions are stored, and one or more proces-
sors capable of executing the instructions. In some embodi-
ments, the augmented reality device may work in conjunc-
tion with remote services provided by a server in a data
center. For example, the augmented reality device may
perform some functions using various components of the
environment 1400 described 1n conjunction with FIG. 14,
such as the one or more web servers 1406 or the one or more
application servers 1408.

The process 400 includes a series of operations wherein
an augmented reality cursor 1s positioned and changes mode
based on an object in the proximity of the cursor.

At 402, the augmented reality device positions the cursor
based on 1nput gestures. Example input gestures include eye
movement, head movement, device mput, such as from a
joystick, trackpad, or capacitive touch screen, or various
other devices or mechanisms.

At 404, the augmented reality device obtains information
about an object 1n proximity to the cursor. The information
may be derived from a multi-stage process which can
include 1) determining whether the cursor i1s near an object;
2) determining a class of object, e.g. person, landmark, sign,
and so forth, 3) determining an 1dentity of the object, 1.e. the
name of the person, landmark, or sign; 4) determining what
information sources are available about the object; and 5)
obtaining information from the information sources.
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At 406, the cursor mode changes based on the available
information. In an embodiment, the cursor changes based on
the class of object. In another embodiment, the cursor
changes based on the identity of the object and/or the
information available about the object.

At 408, additional mput gesture(s) are received and pro-
cessed 1n accordance with the new cursor mode. Generally
speaking, this step involves identilying an operation to
perform based on the mode of the cursor and the type and
qualities of the mput gesture. For example, 1n an embodi-
ment the cursor might have changed to a “tag/split” mode,
such that subsequent cursor movement indicates that a tag
should be left behind and attached to proximate object, while
a new cursor splits off and 1s moved elsewhere. In another
example, the cursor has changed to a refined selection tool,
and subsequent put 1s interpreted so as to identity the
refined selection.

At 410, the augmented reality device performs an opera-
tion associated with the object(s) in proximity to the cursor.
For example, 1n the case of the tag/split mode, the tag may
be associated with the object(s).

Further aspects of the “tag/split” cursor mode may be
understood 1n view of FIG. 5, which 1s a flowchart that
illustrates an example procedure for multi-selection with an
augmented reality cursor, in accordance with an embodi-
ment. Some or all of the process 500 (or any other processes
described, or vanations and/or combinations of those pro-
cesses) may be performed under the control of one or more
computer systems configured with executable instructions
and/or other data, and may be implemented as executable
instructions executing collectively on one or more proces-
sors. The executable instructions and/or other data may be
stored on a non-transitory computer-readable storage
medium (e.g., a computer program persistently stored on
magnetic, optical, or flash media).

For example, some or all of process 300 may be per-
formed by an augmented reality device comprising a non-
transitory computer-readable storage medium on which
executable instructions are stored, and one or more proces-
sors capable of executing the instructions. In some embodi-
ments, the augmented reality device may work 1in conjunc-
tion with remote services provided by a server in a data
center. For example, the augmented reality device may
perform some functions using various components of the
environment 1400 described 1n conjunction with FIG. 14,
such as the one or more web servers 1406 or the one or more
application servers 1408.

The process 500 includes a series of operations wherein
an augmented reality cursor 1s used to select multiple
objects.

At 502, a cursor 1s positioned within an augmented reality
scene based on first imnput gestures and information derived
therefrom. Examples include, but are not limited to, eye
movement and estimated gaze direction. For example, the
augmented reality device may track movement of a user’s
eyes, estimate the user’s gaze direction, and thereby 1dentily
a location 1n the augmented reality scene. The cursor may be
placed at a position indicated by the user’s gaze direction. In
embodiments, positioning 1s assisted by the services
depicted 1n FIG. 12, which can 1dentily objects of interest in
the augmented reality scene. The positioning of the cursor
can then be guided to the object of interest. For example, the
classification of an object can be combined with the user’s
gaze direction, and this combination used to refine position-
ing of the cursor.

At 504, the cursor 1s associated with an object 1n 1ts
proximity. This may proceed 1n accordance with the proce-
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dures described herein, such as those procedures mvolving
the classification and 1dentification of objects. This can be
separate Irom, or combined with, the positioning of the
cursor. In erther case, an object that 1s near to the cursor can
be 1dentified as a potential object for selection.

At 506, the mode of the cursor 1s changed based on second
input gestures. For example, 1n response to a pause in eye
movement, the cursor might change to *“tag/split” mode.
Here, “tag/split” mode refers to a gesture that indicates that
the object should be tagged as selected, and that the cursor
should be allowed to move on to another object for possible
selection. The cursor 1s described as being “split” because a
secondary cursor, or other visual indication, 1s left 1n place
on the selected object when the cursor 1s moved on to
another object.

For example, at 508, a secondary cursor 1s attached to the
object. The secondary cursor might, for example, be a tag
attached to the object to indicate that the object has been
selected, or some other visual indicia of the object’s selected
state. The primary cursor, which may also be referred to as
the active cursor, may then continue to move about the
scene.

The operations 502 to 508 may be repeated as necessary
until all of the intended objects have been selected. For
example, 1 a scene of a conference room, the user might
select each person in the conference room he or she was
unfamiliar waith.

At 510, an operation may be performed on all of the
selected objects. Continuing the prior example, background
information might be retrieved for each of the selected
people. The operation may be performed 1n response to
some additional gesture. For example, eye movement may
be used to position the primary cursor, a pause in eye
movement may cause an object to be tagged, and a verbal
command used to trigger an action, such as retrieving the
background information for the selected people. It will be
appreciated that these examples are intended to be 1llustra-
tive, and as such should not be construed so as to limit the
scope of the present disclosure to only the specific examples
provided.

In some cases and embodiments, the cursor mode may
change to one adapted to particular modes of selection, such
as those based on a classification of objects 1n the scene. For
example, after a first object 1s selected, subsequent cursor
movement and selection might be limited to objects 1n the
same class as the first object. This may be facilitated by
identification of the objects via the services depicted 1n FIG.
12.

FIG. 6 illustrates an example of an augmented reality
cursor mode, 1n accordance with an embodiment. In the
example 600 of FIG. 6, a scene 602 comprises a group 604
of three people. However, because the group i1s somewhat
distant and clustered together, 1t might be dithcult for the
user to position the cursor on any particular individual. To
facilitate this type of selection, the cursor mode may change
to one 1n which the relevant portion of the scene 1s enlarged.

In an embodiment, a cursor 610 1s positioned near the
group 604. The augmented reality system determines that
the cursor 1s proximate to a group, and then changes the
cursor mode to a “magniiying glass” mode. At this point, the
cursor 610 becomes attached to the group, so that it remains
visually connected to the group even as the position and
orientation of the device, or the position of the group,
changes. At the same time, a secondary cursor 612 becomes
active within the magnifying glass. The secondary cursor
612 may be moved about within the magnified area, and
positioned near a particular person 606. This process 1s
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tacilitated by the magnification. The person 606 may then be
tagged using procedures similar to those described herein for
the non-magnified case.

More generally, the augmented reality system may change
the supported mode of interaction with an object 1n response
to various events, and then process subsequent gestures in
accordance with the changed mode of interaction. Examples
of such events include user gestures, classification of the
selected object, input from another user, and so on. Subse-
quent gestures imnclude those pertaiming to the selection of an
action supported by the current mode of interaction.

In augmented reality, there may be instances in which
users may wish to share cursor state information. Unlike
conventional desktop applications, an augmented reality
scene may be viewed simultaneously by any number of
users, although from different perspectives. Cursor posi-
tions, modes, and selections may therefore be usetul to users
other than the user exercising primary control over a cursor.
For example, a first user might use cursor positioning and
selection to indicate “look over here” or “take a look at
these,” for example.

In an embodiment, selections and other cursor states are
shared between augmented reality devices. FIG. 7 1s a
flowchart that 1llustrates an example procedure for sharing
augmented reality cursor states, i accordance with an
embodiment. Some or all of the process 700 (or any other
processes described, or variations and/or combinations of
those processes) may be performed under the control of one
or more computer systems configured with executable
instructions and/or other data, and may be implemented as
executable instructions executing collectively on one or
more processors. The executable instructions and/or other
data may be stored on a non-transitory computer-readable
storage medium (e.g., a computer program persistently
stored on magnetic, optical, or flash media).

For example, some or all of process 700 may be per-
formed by an augmented reality device comprising a non-
transitory computer-readable storage medium on which
executable instructions are stored, and one or more proces-
sors capable of executing the instructions. In some embodi-
ments, the augmented reality device may work 1in conjunc-
tion with remote services provided by a server in a data
center. For example, the augmented reality device may
perform some functions using various components of the
environment 1400 described 1n conjunction with FIG. 14,
such as the one or more web servers 1406 or the one or more
application servers 1408.

The process 700 includes a series of operations wherein
state information for augmented reality cursors 1s exchanged
with other devices. For example, cursor selections and
cursor modes may be shared between augmented reality
devices.

At 702, the augmented reality device determines to share
cursor state information. In an embodiment, this occurs in
response to entering certain modes of operation, such as a
collaboration mode.

At 704, devices which are to share cursor state informa-
tion exchange preferences and permissions. These may be
based on various considerations, including user preference
and the mode of interaction between the devices. For
example, some users might find it confusing 1f presented
with multiple, moving cursors within a scene. For these
users, sharing of active cursors might be disabled. The same
users, however, might wish to see which objects other users
have selected. Accordingly, state information for tags or
other attached cursors might be provided. Other users might
wish to not share the position of their primary cursor. For
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example, this information might be considered sensitive,
since 1t might be based on gaze or suggest that the user 1s
retrieving mformation about a person. For these users, state
information for their active cursors might also be disabled.

At 706, position mformation for cursors i1s shared. As
noted above, this might be done selectively, or for a brief
period of time, due to user preferences or privacy concerns.
For example, cursor information might be shared with other
users for a brief period 1n response to a “look over here”
command. More generally, sharing of cursor state informa-
tion, including selection information, may be made during a
session whose length may be determined by various factors
such as user preference and context. Here, context may
include the user’s location, objects that have been 1dentified,
and so forth.

At 708, information about attached cursors 1s shared. The
following process may be used 1) classification and 1denti-
fication information 1s shared; 2) information indicating
which cursors have been attached to which objects 1s shared,
and 3) any additional information necessary to support
modal operations 1s shared. Regarding the last step, this may
involve providing mnformation about the object, such that
operations indicated by the cursor mode can be performed
on the device with which the cursor information 1s shared.
For example, if a cursor mode supports a command to
retrieve in-depth information about an object, and said
retrieval 1s done using a URL known to the first device, this
URL might be shared with other devices 1n order to allow the
users of those devices to independently retrieve the infor-
mation.

At 710, additional information 1s shared to enable mode-
based interaction on the recipient device. When sharing the
cursor, embodiments may also share information relevant to
the mode(s) of the cursor that i1s being shared. For example,
information about the identity of an object and the services
that object provides might be available to a first device. A
cursor may be attached to this object, and 1ts mode set based
on the information about the object. This information can be
shared with another device when the cursor 1s shared, so that
cach user 1s provided with a similar set of available func-
tionality.

In some 1nstances, cursor modes may evolve or change
over time based on the information available about an
object. FIG. 8 1s a flowchart that illustrates an additional
example procedure for modal switching of an augmented
reality cursor based on evolving information states, 1n accor-
dance with an embodiment. Some or all of the process 800
(or any other processes described, or variations and/or
combinations of those processes) may be performed under
the control of one or more computer systems configured
with executable instructions and/or other data, and may be
implemented as executable instructions executing collec-
tively on one or more processors. The executable instruc-
tions and/or other data may be stored on a non-transitory
computer-readable storage medium (e.g., a computer pro-
gram persistently stored on magnetic, optical, or flash
media).

For example, some or all of process 800 may be per-
formed by an augmented reality device comprising a non-
transitory computer-readable storage medium on which
executable instructions are stored, and one or more proces-
sors capable of executing the instructions. In some embodi-
ments, the augmented reality device may work 1n conjunc-
tion with remote services provided by a server in a data
center. For example, the augmented reality device may
perform some functions using various components of the
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environment 1400 described 1n conjunction with FIG. 14,
such as the one or more web servers 1406 or the one or more
application servers 1408.

The process 800 includes a series of operations wherein
cursor state and available modes of interaction with an
object evolve or change over time, as additional information
becomes available.

At 802, an object attached to a cursor 1s 1dentified. Here,
identification can refer to various levels of identification. For
example, and object may be classified as a person, landmark,
sign, device, and so forth. At a greater level of identification,
the name of a person or landmark may be determined, the
meaning of a sign determined, the type of device identified,
and so forth. In some cases, further mnformation may be
obtainable, such as the model number of the device, contact
information for a person, and so forth.

At 804, an information source associated with the object
1s 1dentified and connected to. For example, individuals may
be associated with hosted information feeds that are acces-
sible via a network, such as the internet. The information
may, for example, be hosted by a cloud-based computing,
environment. Likewise, devices may have user manuals,
operating codes, and other information available from a
hosted service. These sources of information can, in some
cases, be determined based at least partly on the identity of
the object. In other cases, environmental clues, such as QR
codes, might be leveraged.

At 806, various modes of interacting with the object can
be 1dentified based on the retrieved information. For
example, some devices, such as televisions, might support a
remote control mode, or be able to provide supplementary
information related to the current programming. The cursor
mode can change to indicate the available interaction oppor-
tunities.

Note that 1n some cases, environmental information may
also be utilized. For example, the augmented reality device
might 1dentily, based on visual information, that a television
1s displaying a sports program, and then determine that a
possible mode of interaction with the television is the
display of a supplementary scoreboard corresponding to the
Sports program.

At 808, the augmented reality device response to input
based on the identified interaction modes, and at 810,
responds to mnput based on the 1dentified interaction modes.

Various embodiments may also support multi-selection of
objects through an area selection paradigm. FI1G. 9 illustrates
an example of multi-selection 1 augmented reality, 1n
accordance with an embodiment.

In the example 900, a scene 902 comprises a variety of
objects. Note that the scene 902 1s three-dimensional, but
projected onto a 2-dimensional screen. In some instances,
selecting objects within an area 1s problematic because
far-away or unrelated objects can be unintentionally
included. To facilitate selection of an appropriate set of
objects within a selected area, various techniques described
herein may be employed.

One such technique 1s to employ a selection rectangle
904. As depicted i FIG. 9, a selection rectangle defines a
two-dimensional region that has been extended over various
objects, including trees and people. The rectangle may be
extended based on various input gestures, such as by a
combination of eye movement and an input device, such as
a button or trigger, to enable a click-and-drag operation.
Objects within the two-dimensional region defined by the
rectangle 904 can be treated as targets for selection.

Note, however, that within the selection rectangle 904,
tags 910 have been associated with the people and not the
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trees, even though both are within the selection rectangle
904. In various embodiments, the augmented reality device
employs a variety of techniques, in various combinations, to

perform the differentiation.

In an embodiment, depth of objects within the scene 1s
determined and used to make an appropriate multi-selection.
For example, in FIG. 9 the people within the selection
rectangle 904 may be somewhat closer to the device than the
trees. The augmented reality device may therefore employ
an algorithm in which objects within some threshold range
of the device are selected, whereas those beyond the thresh-
old range are not selected.

In another embodiment, objects with similar depth are
selected, whereas objects with dissimilar depths are not
selected. For example, once it 1s established that one of the
people within the selection rectangle should be selected,
using any ol the various means described herein, other
objects having similar depths should also be selected.

In an embodiment, object classification 1s used. When a
selection rectangle 1s placed over an area, the augmented
reality device can classily objects within an area and infer
that the user meant to select only certain types of objects
within the area. For example, the augmented reality device
might determine that only objects identified as people should
be selected.

In an embodiment, a three-dimensional selection area 1s
used. For example, FIG. 9 depicts a selection sphere 906
used to place a tag 912 on one individual within the area of
the sphere 906, but not another individual outside the
three-dimensional area. The selection sphere 906 1s an
example of a three-dimensional space that defines targets for
a selection operation.

In various embodiments, the techniques described above,
including object classification, may be used to identily
which objects within an area to select. For example, based
on object classification, people within the selection sphere
might be selected while other objects, such as trees, are not.

Embodiments may employ the cursor selection tech-
niques described herein 1in conjunction with a goal seeking
capability. Goal seeking may 1nclude the ability to facilitate
the accomplishment of a user goal using an augmented
reality device.

FIG. 10 1s a flowchart that illustrates an example proce-
dure for goal seeking 1n augmented reality, 1n accordance
with an embodiment. Some or all of the process 1000 (or any
other processes described, or variations and/or combinations
of those processes) may be performed under the control of
one or more computer systems configured with executable
instructions and/or other data, and may be implemented as
executable instructions executing collectively on one or
more processors. The executable instructions and/or other
data may be stored on a non-transitory computer-readable
storage medium (e.g., a computer program persistently
stored on magnetic, optical, or flash media).

For example, some or all of process 1000 may be per-
formed by an augmented reality device comprising a non-
transitory computer-readable storage medium on which
executable instructions are stored, and one or more proces-
sors capable of executing the instructions. In some embodi-
ments, the augmented reality device may work 1n conjunc-
tion with remote services provided by a server in a data
center. For example, the augmented reality device may
perform some functions using various components of the
environment 1400 described 1n conjunction with FIG. 14,
such as the one or more web servers 1406 or the one or more
application servers 1408.
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The process 1000 includes a series of operations wherein
interaction with objects 1n the user environment 1s enhanced
based on a user’s goals, as well as information describing the
status of those goals.

At1002, the augmented reality device obtains sensor data.
Sensor data may include visual data, audio data, global
positioning system data, date and time data, and so on,
relating to the surrounding environment. This sensor data
may be processed using the various services depicted in FIG.
12.

At 1004, the augmented reality device obtains contextual
and environmental information. In various embodiments,
the augmented reality device employs the mechanisms
described herein to 1dentity objects within the environment,
determine the 1dentity of the objects, and determine whether
turther information can be derived or obtained concerning
the objects. These steps may also be performed by or in
conjunction with the services depicted 1in FIG. 12.

For example, in an embodiment an augmented reality
device identifies road signs, store fronts, geographic loca-
tion, location within a bwlding (including, for example,
location within a shopping mall or within a grocery store),
and other information concerning a user’s environment.
Further information, such as products or services available
in the current environment, may be obtained based on the
identified objects. For example, the augmented reality
device can 1dentily the store front (using, for example, the
distributed techniques described herein, particular those
regarding FIG. 12), and a catalog of products or services
assoclated with the store downloaded from a hosted service,
¢.g., a service accessible via the Internet, to the device.

At 1006, the augmented reality device obtains or accesses
goal information. For example, the device can download
information indicative of various user goals, such as com-
pleting a home renovation project, shopping for dinner,
purchasing holiday giits in a timely manner, and so on.

Note that obtaining goal information can be performed
iteratively with obtaining contextual and environmental
information. For example, in some embodiments the device
may only access goals relevant to the current environment,
as determined based on an 1nitial set of observations. Then,
having 1dentified one or more relevant goals, the device may
access further environmental or contextual information rel-
evant to those goals.

At 1008, the augmented reality device obtains goal-status
information. Goals may have various required or optional
steps and components, some of which may have been
completed or acquired, and some which have not. There may
also be various dependencies between the various steps
needed to achieve a goal. The goal may also mnvolve multiple
participants.

In an embodiment, the augmented reality device accesses
state mnformation relevant to the goals. In some 1nstances,
the goal status information may pertain to multiple partici-
pants. For example, two individuals may be cooperating to
prepare a meal. One of those individuals may have partially
completed the shopping necessary to prepare the meal. This
information can be shared between these individuals’ aug-
mented reality devices, so that both can contribute to the
completion of the goal i a coordinated fashion.

At 1010, the augmented reality device correlates the goal
and goal-status 1nformation with the environmental and
contextual information. In an embodiment, current goals and
goal status are evaluated with respect to the user’s environ-
ment, to determine 1t the user’s environment i1s conducive to
completing any of the current goals. Continuing the prior
example, one of the individuals may have partially com-
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pleted the shopping necessary to prepare the meal. When the
other individual approaches a grocery store (for example,
when commuting home from work), that individual’s aug-
mented reality device may 1) determine that the individual
1s approaching a grocery store; 2) identify products and
services available at that store; 3) determine that the product
or service 1s associated with one of the individual’s goals, 1n
this case preparing the meal, and 4) determine that the goal
can be advanced using the store’s available products or
SErvices.

At 1012, the augmented reality device adjusts the aug-
mented reality presentation based on the correlation. In an
embodiment, this mmvolves the augmented reality device
presenting information indicating what actions are available
to the user to further accomplishment of some pending goal.
For example, the device may provide a signal indicating that
a grocery store 1s nearby, and that the store has an ingredient
that needs to be purchased in order to complete the user’s
goal of preparing a meal.

The algorithm of FIG. 10 can be applied to numerous
scenar1os. Another example mvolves product inspection.
The user of an augmented reality device may have a general
goal of inspecting products in order to ensure that the
ispected products comply with various regulations. As the
user 1s inspecting various products, the augmented reality
device may i1dentily the type of product, retrieve relevant
regulatory 1nformation, identify qualities of the product
relevant to the retrieved regulations, and provide signals
regarding compliance, non-compliance, or further steps that
might be taken to further the goal of ensuring compliance.

In an embodiment, modal interactions with objects 1n the
augmented reality scene are modified based on actions
identified as potentially useful in accomplishing a goal.
Continuing the example of product mspection, various fea-
tures of the mspected product may be 1identified and marked
with cursors indicative of potential actions. For example, an
area of the product might be marked 1n the augmented reality
scene with graphics indicating that a close visual inspection
of the area should be conducted. The user may then perform
a gesture causing the mode of the cursor to change, e.g. to
a “magnifying glass mode” in which the close visual inspec-
tion can be conducted. Relevant observations can then be
made, and relevant features tagged using a secondary cursor,
such as 1s depicted in FIG. 6.

FIG. 11 1s a flowchart that illustrates an example proce-
dure for threat avoidance in augmented reality, 1n accor-
dance with an embodiment. Some or all of the process 1100
(or any other processes described, or variations and/or
combinations of those processes) may be performed under
the control of one or more computer systems configured
with executable instructions and/or other data, and may be
implemented as executable instructions executing collec-
tively on one or more processors. The executable instruc-
tions and/or other data may be stored on a non-transitory
computer-readable storage medium (e.g., a computer pro-
gram persistently stored on magnetic, optical, or flash
media).

For example, some or all of process 1100 may be per-
formed by an augmented reality device comprising a non-
transitory computer-readable storage medium on which
executable instructions are stored, and one or more proces-
sors capable of executing the instructions. In some embodi-
ments, the augmented reality device may work 1n conjunc-
tion with remote services provided by a server in a data
center. For example, the augmented reality device may
perform some functions using various components of the
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environment 1400 described 1n conjunction with FIG. 14,
such as the one or more web servers 1406 or the one or more
application servers 1408.

The process 1100 includes a series of operations wherein
sensor data collected by an augmented reality device 1s used
to enhance user safety. The process 1100 may be partially
embodied 1n the threat detection services 1243 depicted 1n
FIG. 12. Note that certain of the operations attributed below
to the augmented reality device may instead be performed,
on behall of the device, by the hosted threat detection
services 1243.

At 1102, the augmented reality device obtains sensor data.
Sensor data may include visual data, audio data, global
positioning system data, time and date data, and so on,
relating to the surrounding environment.

At 1104, the augmented reality device obtains contextual
and environmental information. In various embodiments,
the augmented reality device employs the mechanisms
described herein to 1dentity objects within the environment,
determine the identity of the objects, and determine whether
turther information can be derived or obtained concerning
the objects.

At 1106, the augmented reality device i1dentifies objects
and object movement. The augmented reality device may
observe movement patterns that may be indicative of poten-
tial threats, such as movement that may result 1n collision,
movement that indicates that the user 1s being followed, or
movement of observed individuals, or other objects, towards
areas associated with danger. In various embodiments, the
user’s own movement 1s also tracked.

At 1108, the augmented reality device assesses threats. As
noted above, threats may be associated with various move-
ment patterns. For example, the user’s movement may be
correlated against the movement of other individuals, auto-
mobiles, or other objects, to determine if a collision may
occur. In another example, the user’s movement 1s analyzed
to determine 11 the user 1s about to move 1nto a road or other
dangerous area. In another example, an individual’s move-
ment 1s tracked to determine if that individual 1s following,
the user of the augmented reality device.

At 1110, the augmented reality device adjusts 1ts presen-
tation based on the assessed threats. Embodiments may
employ various types of adjustments, depending {for
example on the nature of the threat.

In cases and embodiments, augmented reality features are
suspended when a collision or other danger 1s detected.

In cases and embodiments, an alert tone 1s played in
response to detecting a collision or other danger.

In cases and embodiments, a visual indicator such as a
flash 1s played 1n response to detecting a collision or other
danger.

In cases and embodiments, a directional indicator 1s
displayed to point to a potential threat.

In cases and embodiments, a display-within-a-display
feature 1s activated, to show a potential threat not within the
user’s field of view. For example, a “rear-view mirror”
feature may be activated.

In cases and embodiments, a cursor 1s attached to a
potentially threating person or object, mn order to enable
turther actions. For example, the attached cursor might
indicate that a “background check™ feature 1s available on
the 1ndividual.

In cases and embodiments, a suggested course of action 1s
presented. For example, the augmented reality device might
provide mnstructions for locating the nearest exit.

In cases and embodiments, sensor information 1s used to
determine that visual navigation 1s diflicult (e.g., due to low
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light or smoke 1n the environment), and auditory signals are
provided. Alternatively, or in addition, the device provides
visual navigation clues that may be used even though the
physical environment 1s not conducive to visual navigation.

FIG. 12 illustrates an example augmented reality services
platform. The platform 1200 provides services to a plurality
of AR devices 1202. These services may include those
related to portal management, session detection, knowledge
sharing, and so forth.

In an embodiment, AR devices 1202 communicate with a
platform interface 1220 via at least one network 1210. The
network 1210 might include wireless networks, optical
networks, the Internet, and so on, individually or 1n combi-
nation.

Examples of AR devices 1202 include, but are not limited
to, augmented reality headsets, goggles, glasses, projectors,
and so forth. AR devices 1202 may also include smart-
phones, tablets, and so on. These devices may, 1n various
embodiments, have limited computing capacity and operat-
ing system support, particularly in relation to multitasking.
For example, support for pre-emptive multitasking, concur-
rent, or parallel execution of applications or threads may be
limited on some of these devices.

In an embodiment, the AR devices 1202 each comprise
components that provide application launching and interface
services, which may also be referred to as application
services or portal services. The services may include those
which facilitate interaction between application windows, or
portals, on an AR device 1202 and services hosted remotely.

In an embodiment, the platform interface 1220 receives
the stream of events and other data from the AR devices
1202 and facilitates routing of the events, through a service
1222, to various services. The platform interface 1220 also
routes output from the services back to the AR device 1202
that generated the event.

A service bus 1222 routes events and other data originat-
ing from the AR devices 1202 to various services 1230-
1244. The service bus 1222, in an embodiment, employs a
publish and subscribe model 1n which services 1230-1246
register to receive events and data associated with various
applications running on the AR devices 1202.

For example, in an embodiment, an application launches
on an AR device 1202a. The AR device 12024 transmits a
message announcing the new application to the platform
interface 1220. The AR device 1202q also transmits mes-
sages 1ndicating which services the launching application
wishes to employ. The platform interface 1220 then distrib-
utes, to the various services 1230-1246 via the service bus
1222, information indicating that a new application 1s start-
ing and an indication of which services the application is to
employ. The services 1230-1246, if they are to be used by
the application, may then subscribe to events of various
types for that application. Upon receiving an event, a service
may process the event and route a response back to the
originating AR device 1202a and application.

In an embodiment, the platform 1200 comprises device
registration services 1230. The device registration services
1230 may include services for enrolling the device into an
augmented reality experience. For example, the services
may 1nclude facilities for determining when an AR device 1s
in the proximity of a location or thing that 1s associated with
an augmented reality experience. For example, certain geo-
graphic locations such as stores, parks, and so forth may
provide augmented reality experiences to users near those
things. The registration services 1230 may facilitate those
experiences by providing imnformation about device or user
identity to the providers of such services.
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In an embodiment, the platform 1200 comprises context
recognition services 1232. These include services ifor
improving 1dentification and interaction with real world
objects. For example, speaker identification may be
improved by providing information about the context in
which a voice 1s 1dentified. The context recognition services
1232 might therefore, for example, provide information
about a user’s meeting schedule to a speaker 1dentification
process. The identification process might, for example, be
more eflicient when performed in view of a list of attendees
at a meeting the user 1s currently attending.

In an embodiment, the platform 1200 comprises object
detection services 1234. These include facilities for detect-
ing and 1dentifying objects 1n an augmented reality scene.

In an embodiment, the platform 1200 comprises scale
detection services 1236. These include services for deter-
mimng the scale of objects visible 1n an augmented reality
scene.

In an embodiment, the platform 1200 comprises 1dentity
services 1238. These services include those pertaining to the
identification of particular people, places, or things. For
example, identity services 1238 might be able to provide the
name of an individual observed in an augmented reality
scene, the name of a landmark the user 1s viewing, or the
name of a particular painting 1n a museum.

In an embodiment, the platform 1200 comprises object
tracking services 1240. These services include those related
to tracking a particular object as 1t moves, or as the view-
point of the AR device changes. For example, object track-
ing services 1240 might provide services indicating where a
particular object was located 1n a prior video frame, where
the same object 1s located 1n the current video frame, and
where the same object 1s predicted to be 1 a subsequent
frame.

In an embodiment, the platform 1200 comprise an activi-
ties service 1241. For example, the activity service 1241
might i1dentify an activity being engaged 1in, based on
observed activities and/or objects. For example, a “golf
swing~ motion might be identified, or a golf course, and so
forth.

In an embodiment, the plattorm 1200 comprises speaker
identification services 1242. These services include those
that help to associate recorded speech with the individual
producing the speech.

In an embodiment, the platform 1200 comprises threat
detection services 1243. These services may perform vari-
ous analysis of data, such as visual analysis of data acquired
by an AR device, to 1dentily potential threats to a user of the
AR device.

In an embodiment, the platform 1200 comprises portal
application services 1244. These may include services for
tacilitating interaction with a window or portal on an AR
device. Examples include, but are not limited to, services for
positioning a display of data 1n an AR scene and adjusting,
the position of the display 1n space and time.

In an embodiment, the platform 1200 comprises applica-
tion services 1244. These services may include providing
abstracted representations of identified objects and their
positions. For example, the application services might pro-
vide to an application a list of 1dentified objects and 1nfor-
mation about the position and movement of those objects
that 1s independent of the rotation and movement of the AR
device user.

FIG. 13 1s a flowchart that illustrates an example proce-
dure for using cursors 1n an augmented reality environment.
Some or all of the process 1300 (or any other processes
described, or variations and/or combinations of those pro-
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cesses) may be performed under the control of one or more
computer systems configured with executable instructions
and/or other data, and may be implemented as executable
instructions executing collectively on one or more proces-
sors. The executable instructions and/or other data may be
stored on a non-transitory computer-readable storage
medium (e.g., a computer program persistently stored on
magnetic, optical, or flash media).

For example, some or all of process 1300 may be per-
formed by an augmented reality device comprising a non-
transitory computer-readable storage medium on which
executable instructions are stored, and one or more proces-
sors capable of executing the instructions. In some embodi-
ments, the augmented reality device may work in conjunc-
tion with remote services provided by a server in a data
center. For example, the augmented reality device may
perform some functions using various components of the
environment 1400 described 1n conjunction with FIG. 14,
such as the one or more web servers 1406 or the one or more
application servers 1408.

The process 1300 includes a series of operations wherein
objects 1n an augmented reality scene are identified and
selected. In particular, the process 1300 i1s directed to
selecting a plurality of objects in an augmented reality scene.

At 1302, the system 1dentifies objects 1n an augmented
reality scene. For example, as depicted 1in FIG. 12, a plat-
form 1200 for supporting augmented reality applications
may comprise various services, such as object detection
services 1234 and identity services 1240.

At 1304, an augmented reality device displays a cursor
proximate to a first object, of the objects i1dentified. The
augmented reality device may, for example, be either of the
devices 1202 depicted in FIG. 12. The cursor may be
displayed in response to a first gesture. The gesture may, for
example, relate to eye movement or gaze, to indicate poten-
tial interest 1n the object, or 1n objects of the same class as
the 1denftified object. In an embodiment, an augmented
reality device detects a gesture of the user, such as eye
movement, hand movement, input via a joystick, button, or
other device, and so on. The augmented reality device then
generates gesture data to describe the gesture. The gesture
data may be further processed to create an event correspond-
ing to and describing the gesture. This event may also be
referred to as gesture data.

At 1306, the augmented reality device displays an 1ndi-
cation of a selected state of the first object, in response to a
second gesture. For example, the second gesture might be a
verbal command, eye movement, or mput provided to a
physical button or other control. The indication of a selected
state may be a graphical indicia displayed on or near the
selected object.

At 1308, the augmented reality device repositions the
cursor to be proximate to a second object. This operation
may be performed contemporaneously or in response to the
operations of 1306. For example, the augmented reality
device might response to an eye movement gesture by
displaying an indicia of a selected state next to the first
object, and moving the cursor to be proximate to a second
object.

In an embodiment, device moves the cursor to the second
object based, at least in part, on the second object being
cither of the same class of object as the first object, or being
related to the first object 1n some way. The system may
determine that an object 1s a candidate for selection based on
the classification of the object and commonality between
that classification and that of other selected objects. For
example, the first or second objects might both be people, or
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one object might be a person and the other object might be
an 1tem thought to be owned by the selected person. It will
be appreciated that these examples are intended to be
illustrative rather than limiting, and as such should not be
construed in a manner which would limit the scope of the
intended disclosure to only those embodiments which incor-
porate the specific examples provided.

As depicted by 1310, the augmented reality device leaves
the indication of the selected state of the first object 1n place
when 1t repositions the cursor to be proximate to the second
object. The second object may then be selected 1n response
to another gesture, which may be of the same type used to
select the first object. The depicted process may then be
repeated, 11 necessary, until all of the desired objects have
been selected.

At 1312, an action that involves all of the selected objects
1s performed. Examples of such actions include retrieving
information about the selected objects, sharing information
with users corresponding to or associated with the selected
objects, and so forth. It will be appreciated that these
examples are intended to be illustrative rather than limiting,
and as such should not be construed 1n a manner which
would limit the scope of the intended disclosure to only
those embodiments which incorporate the specific examples
provided.

In an embodiment, a procedure for facilitating selection of
objects 1n an augmented reality scene 1s performed by a
server remote to an augmented reality device. The procedure
comprising receiving, from the augmented device, informa-
tion 1ndicative of the scene as observed by the device. The
server determines a {irst position of a cursor in the aug-
mented reality scene, and relays the determined position
back to the device. The position 1s determined to be proxi-
mate to a first object that has been 1dentified 1n an augmented
reality scene. The server determines the position based on
receiving, from the device, information indicating that a first
gesture has been performed by the user.

The procedure further comprising the server causing the
cursor to be displayed, at the first position, by an augmented
reality device. Next, the server receives data indicative of a
second gesture performed by the user, based on which the
server determines a selected state of the first object. The
server then transmits a message to the device to cause visual
indication of the selected state of the first object to be
displayed by the augmented reality device.

The procedure further comprises the server determining a
second position for the cursor, proximate to a second object
in the augmented reality scene. The determination may also
be made 1n response to the second gesture. The server then
causes the augmented reality device to display the cursor, 1n
the augmented reality scene, proximate to the second object.
Although the cursor has moved from the first object to the
second object, a visual indication 1s left i place proximate
to the first object, to indicate that the first object has been
selected.

FIG. 14 illustrates aspects ol an example environment
1400 for implementing aspects 1 accordance with various
embodiments. As will be appreciated, although a web-based
environment 1s used for purposes ol explanation, different
environments may be used, as appropriate, to 1mplement
various embodiments. The environment includes an elec-
tronic client device 1402, which can include any appropnate
device operable to send and/or receive requests, messages,
or information over an appropriate network 1404 and con-
vey mnformation back to a user of the device. Examples of
such client devices include personal computers, cell phones,
handheld messaging devices, laptop computers, tablet com-
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puters, set-top boxes, personal data assistants, embedded
computer systems, electronic book readers, and the like.

The environment 1400 1n one embodiment 1s a distributed
and/or virtual computing environment utilizing several com-
puter systems and components that are mterconnected via
communication links, using one or more computer networks
or direct connections. However, 1t will be appreciated by
those of ordinary skill 1n the art that such a system could
operate equally well 1n a system having fewer or a greater
number of components than those illustrated in FIG. 14.
Thus, the depiction i FIG. 14 should be taken as being
illustrative 1n nature and not limiting to the scope of the
disclosure.

The network 1404 can include any appropriate network,
including an intranet, the Internet, a cellular network, a local
areca network, a satellite network or any other network,
and/or combination thereof. Components used for such a
system can depend at least 1n part upon the type of network
and/or environment selected. Many protocols and compo-
nents for communicating via such network 1404 are well
known and will not be discussed in detail. Communication
over the network 1404 can be enabled by wired or wireless
connections and combinations thereof. In an embodiment,
the network 1404 includes the Internet and/or other publicly
addressable communications network, as the environment
1400 includes one or more web servers 1406 for receiving
requests and serving content in response thereto, although
for other networks an alternative device serving a similar
purpose could be used as would be apparent to one of
ordinary skill in the art.

The 1illustrative environment 1400 includes one or more
application servers 1408 and data storage 1410. It should be
understood that there can be several application servers,
layers or other elements, processes or components, which
may be chained or otherwise configured, which can interact
to perform tasks such as obtaining data from an appropnate
data store. Servers, as used, may be implemented 1n various
ways, such as hardware devices or virtual computer systems.
In some contexts, “servers” may refer to a programming
module being executed on a computer system. As used,
unless otherwise stated or clear from context, the term ““data
store” or “data storage” refers to any device or combination
of devices capable of storing, accessing, and retrieving data,
which may include any combination and number of data
servers, databases, data storage devices, and data storage
media, mm any standard, distributed, virtual, or clustered
environment.

The one or more application servers 1408 can include any
appropriate hardware, software and firmware for integrating
with the data storage 1410 as needed to execute aspects of
one or more applications for the electronic client device
1402, handling some or all of the data access and business
logic for an application. The one or more application servers
1408 may provide access control services in cooperation
with the data storage 1410 and 1s able to generate content
including, text, graphics, audio, video, and/or other content
usable to be provided to the user, which may be served to the
user by the one or more web servers 1406 in the form of
HyperText Markup Language (HTML), Extensible Markup
Language (XML), JavaScript, Cascading Style Sheets
(CSS), JavaScript Object Notation (JSON), and/or another
appropriate client-side structured language. In embodi-
ments, graphical content, such as three-dimensional graph-
ics content, may be transmitted in a binary data format,
bitmap, vector graphics representation, compressed and/or
uncompressed video frames, and so on. Content transierred
to the electronic client device 1402 may be processed by the
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clectronic client device 1402 to provide the content 1n one or
more forms including forms that are perceptible to the user
audibly, visually, and/or through other senses. The handling
of all requests and responses, as well as the delivery of
content between the electronic client device 1402 and the
one or more application servers 1408, can be handled by the
one or more web servers 1406 using PHP: Hypertext Pre-
processor (PHP), Python, Ruby, Perl, Java, HITML, XML,
JSON, and/or another appropriate server-side structured
language 1n this example. Further, operations described as
being performed by a single device may, unless otherwise
clear from context, be performed collectively by multiple
devices, which may form a distributed and/or virtual system.

Each server typically will include an operating system
that provides executable program instructions for the general
administration and operation of that server and typically will
include a computer-readable storage medium (e.g., a hard
disk, random access memory, read only memory, etc.) stor-
ing 1nstructions that, when executed (1.¢., as a result of being
executed) by a processor of the server, allow the server to
perform 1ts mtended functions.

The data storage 1410 can include several separate data
tables, databases, data documents, dynamic data storage
schemes, and/or other data storage mechanisms and media
for storing data relating to a particular aspect of the present
disclosure. For example, the data storage 1410 may include
mechanisms for storing various types of data and user
information 1416, which can be used to serve content to the
clectronic client device 1402. The data storage 1410 also 1s
shown to include a mechanism for storing log data, such as
application logs, system logs, access logs, and/or various
other event logs, which can be used for reporting, analysis,
or other purposes. It should be understood that there can be
many other aspects that may need to be stored in the data
storage 1410, such as page image information and access
rights mnformation, which can be stored in any of the above
listed mechanisms as appropriate or 1 additional mecha-
nisms in the data storage 1410. The data storage 1410 1s
operable, through logic associated therewith, to receive
instructions from the one or more application servers 1408
and obtain, update, or otherwise process data 1n response
thereto. The one or more application servers 1408 may
provide static, dynamic, or a combination of static and
dynamic data in response to the received instructions.
Dynamic data, such as data used i web logs (blogs),
shopping applications, news services, and other applications
may be generated by server-side structured languages as
described or may be provided by a content management
system (CMS) operating on, or under the control of, the one
or more application servers 1408.

In one embodiment, a user, through a device operated by
the user, can submit a search request for a match to a
particular search term. In this embodiment, the data storage
1410 might access the user information to verify the identity
of the user and obtain information about items of that type.
The information then can be returned to the user, such as in
a results listing on a web page that the user 1s able to view
via a browser on the electronic client device 1402. Infor-
mation related to the particular search term can be viewed in
a dedicated page or window of the browser. It should be
noted, however, that embodiments of the present disclosure
are not necessarily limited to the context of web pages, but
may be more generally applicable to processing requests in
general, where the requests are not necessarily requests for
content.

The various embodiments further can be implemented in
a wide variety of operating environments, which 1n some
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embodiments can include one or more user computers,
computing devices, or processing devices that can be used to
operate any of a number of applications. User or client
devices can include any of a number of computers, such as
desktop, laptop, or tablet computers running a standard
operating system, as well as cellular, wireless, and handheld
devices running mobile software and capable of supporting
a number of networking and messaging protocols. Such a
system also can include a number of workstations running,
any of a variety of commercially available operating systems
and other known applications for purposes such as devel-
opment and database management. These devices also can
include other electronic devices, such as dummy terminals,
thin-clients, gaming systems, and other devices capable of
communicating via the network 1404. These devices also
can 1nclude virtual devices such as virtual machines, hyper-
visors, and other virtual devices capable of communicating
via the network 1404.

Various embodiments of the present disclosure utilize the
network 1404 that would be familiar to those skilled in the
art for supporting communications using any ol a variety of
commercially available protocols, such as Transmission
Control Protocol/Internet Protocol (TCP/IP), User Datagram
Protocol (UDP), protocols operating in various layers of the
Open System Interconnection (OSI) model, File Transfer
Protocol (FTP), Universal Plug and Play (UpnP), Network
File System (NFS), and Common Internet File System
(CIFS). The network 1404 can be, for example, a local area
network, a wide-area network, a virtual private network, the
Internet, an intranet, an extranet, a public switched telephone
network, an infrared network, a wireless network, a satellite
network, and any combination thereof. In some embodi-
ments, connection-oriented protocols may be used to com-
municate between network endpoints. Connection-oriented
protocols (sometimes called connection-based protocols) are
capable of transmitting data 1n an ordered stream. Connec-
tion-oriented protocols can be reliable or unreliable. For
example, the TCP protocol 1s a reliable connection-oriented
protocol. Asynchronous Transter Mode (ATM) and Frame
Relay are unreliable connection-oriented protocols. Connec-
tion-oriented protocols are in contrast to packet-oriented
protocols such as UDP that transmit packets without a
guaranteed ordering.

In embodiments utilizing the one or more web servers
1406, the one or more web servers 1406 can run any of a
variety of server or mid-tier applications, including Hyper-
text Transier Protocol (HTTP) servers, FTP servers, Com-
mon Gateway Interface (CGI) servers, data servers, Java
servers, Apache servers, and business application servers.
The server(s) also may be capable of executing programs or
scripts 1n response to requests from user devices, such as by
executing one or more web applications that may be 1mple-
mented as one or more scripts or programs written 1n any
programming language, such as Java®, C, C# or C++, or any
scripting language, such as Ruby, PHP, Perl, Python, or
TCL, as well as combinations thereof. The server(s) may
also 1include database servers, including those commercially
available from Oracle®, Microsolt®, Sybase®, and IBM®
as well as open-source servers such as MySQL, Postgres,
SQLite, MongoDB, and any other server capable of storing,
retrieving, and accessing structured or unstructured data.
Database servers may include table-based servers, docu-
ment-based servers, unstructured servers, relational servers,
non-relational servers, or combinations of these and/or other
database servers.

The environment 1400 can include a variety of data stores
and other memory and storage media as discussed above.
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These can reside 1 a variety of locations, such as on a
storage medium local to (and/or resident 1n) one or more of
the computers or remote from any or all of the computers
across the network 1404. In a particular set of embodiments,
the information may reside 1n a storage-area network (SAN)
familiar to those skilled in the art. Similarly, any necessary
files for performing the functions attributed to the comput-
ers, servers or other network devices may be stored locally
and/or remotely, as appropriate. Where a system includes
computerized devices, each such device can include hard-
ware elements that may be electrically coupled via a bus, the
clements including, for example, a central processing unit
(CPU or processor), an mput device (e.g., a mouse, key-
board, controller, touch screen, or keypad), and an output
device (e.g., a display device, printer, or speaker). Such a
system may also include one or more storage devices, such
as disk drives, optical storage devices, and solid-state stor-
age devices such as random access memory (RAM) or
read-only memory (ROM), as well as removable media
devices, memory cards, flash cards, efc.

Such devices also can include a computer-readable stor-
age media reader, a commumnications device (e.g., a modem,
a network card (wireless or wired), an infrared communi-
cation device, etc.), and working memory as described
above. The computer-readable storage media reader can be
connected with, or configured to receive, a computer-read-
able storage medium, representing remote, local, fixed,
and/or removable storage devices as well as storage media
for temporarily and/or more permanently containing, stor-
ing, transmitting, and retrieving computer-readable informa-
tion. The system and various devices also typically will
include a number of software applications, modules, ser-
vices, or other elements located within a working memory
device, icluding an operating system and application pro-
grams, such as a client application or web browser. In
addition, customized hardware might also be used and/or
particular elements might be implemented in hardware,
software (including portable software, such as applets), or
both. Further, connection to other computing devices such as
network 1nput/output devices may be employed.

Storage media and computer readable media for contain-
ing code, or portions of code, can include any appropriate
media known or used 1n the art, including storage media and
communication media, such as, volatile and non-volatile,
removable and non-removable media implemented in any
method or technology for storage and/or transmission of
information such as computer readable instructions, data
structures, program modules, or other data, including RAM,
ROM, Electrically Frasable Programmable Read-Only
Memory (EEPROM), flash memory or other memory tech-
nology, Compact Disc Read-Only Memory (CD-ROM),
digital versatile disk (DVD), or other optical storage, mag-
netic cassettes, magnetic tape, magnetic disk storage, or
other magnetic storage devices, or any other medium which
can be used to store the desired information and which can
be accessed by the system device. Based on the disclosure
and teachings provided, a person of ordinary skill 1n the art
will appreciate other ways and/or methods to implement the
various embodiments.

The specification and drawings are, accordingly, to be
regarded 1n an illustrative rather than a restrictive sense.
However, 1t will be evident that various modifications and
changes may be made thereunto without departing from the
broader spirit and scope of the invention as set forth in the
claims. Other variations are within the spirit of the present
disclosure. Thus, while the disclosed techniques are suscep-
tible to various modifications and alternative constructions,
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certain 1llustrated embodiments thereol are shown in the
drawings and have been described above 1n detail. It should
be understood, however, that there 1s no intention to limait the
invention to the specific form or forms disclosed, but on the
contrary, the mtention 1s to cover all modifications, alterna-
tive constructions, and equivalents falling within the spirt
and scope of the invention, as defined in the appended
claims.

The use of the terms “a,” “an,” “the,” and similar referents
in the context of describing the disclosed embodiments
(especially 1n the context of the following claims) are to be
construed to cover both the singular and the plural, unless
otherwise 1ndicated or clearly contradicted by context. The
terms “‘comprising,” “having,” “including,” and “contain-
ing”” are to be construed as open-ended terms (1.¢., meaning
“including, but not limited to,”) unless otherwise noted. The
term “‘connected,” where unmodified and referring to physi-
cal connections, 1s to be construed as partly or wholly
contained within, attached to, or joined together, even 1f
there 1s something intervening. Recitation of ranges of
values are merely intended to serve as a shorthand method
of referring individually to each separate value falling within
the range, unless otherwise indicated and each separate
value 1s incorporated into the specification as if 1t were
individually recited. The use of the term “set” (e.g., “a set of
items’’) or “subset” unless otherwise noted or contradicted
by context, 1s to be construed as a nonempty collection
comprising one or more members. Further, unless otherwise
noted or contradicted by context, the term “subset” of a
corresponding set does not necessarily denote a proper
subset of the corresponding set, but the subset and the
corresponding set may be equal.

Conjunctive language, such as phrases of the form “at
least one of A, B, and C,” or “at least one of A, B and C,”
1s understood with the context as used 1n general to present
that an 1tem, term, etc., may be either A or B or C, or any
nonempty subset of the set of A and B and C, unless
specifically stated otherwise or otherwise clearly contra-
dicted by context. For instance, 1n the illustrative example of
a set having three members, the conjunctive phrases “at least
one of A, B, and C” and “at least one of A, B and C” refer
to any of the following sets: {A}, {B}, {C}, {A, B}, {A, C},
{B, C}, 1A, B, C}. Thus, such conjunctive language is not
generally intended to imply that certain embodiments
require at least one of A, at least one of B and at least one
of C each to be present. In addition, unless otherwise noted
or contradicted by context, the term “plurality” indicates a
state ol being plural (e.g., “a plurality of i1tems” indicates
multiple 1tems). The number of items 1n a plurality is at least
two, but can be more when so indicated either explicitly or
by context.

Operations of processes described can be performed 1n
any suitable order unless otherwise indicated or otherwise
clearly contradicted by context. Processes described (or
variations and/or combinations thereol) may be performed
under the control of one or more computer systems config-
ured with executable instructions and may be implemented
as code (e.g., executable 1nstructions, one or more computer
programs or one or more applications) executing collec-
tively on one or more processors, by hardware or combina-
tions thereol. The code may be stored on a computer-
readable storage medium, for example, 1n the form of a
computer program comprising instructions executable by
one or more processors. The computer-readable storage
medium may be non-transitory. In some embodiments, the
code 1s stored on a set of one or more non-transitory
computer-readable storage media having stored thereon
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executable instructions that, when executed (1.e., as a result
ol being executed) by one or more processors of a computer
system, cause the computer system to perform operations
described herein. The set of non-transitory computer-read-
able storage media may comprise multiple non-transitory
computer-readable storage media and one or more of indi-
vidual non-transitory storage media of the multiple non-
transitory computer-readable storage media may lack all of
the code while the multiple non-transitory computer-read-
able storage media collectively store all of the code. Further,
in some embodiments, the executable instructions are
executed such that different instructions are executed by
different processors. As an 1illustrative example, a non-
transitory computer-readable storage medium may store
instructions. A main CPU may execute some of the instruc-
tions and a graphics processor unit may execute other of the
istructions. Generally, different components of a computer
system may have separate processors and different proces-
sors may execute different subsets of the instructions.

Accordingly, 1n some embodiments, computer systems
are configured to implement one or more services that singly
or collectively perform operations of processes described
hereimn. Such computer systems may, for instance, be con-
figured with applicable hardware and/or software that enable
the performance of the operations. Further, computer sys-
tems that implement various embodiments of the present
disclosure may, in some embodiments, be single devices
and, 1n other embodiments, be distributed computer systems
comprising multiple devices that operate diflerently such
that the distributed computer system performs the operations
described and such that a single device may not perform all
operations.

The use of any examples, or exemplary language (e.g.,
“such as”) provided, 1s intended merely to better illuminate
embodiments of the invention and does not pose a limitation
on the scope of the invention unless otherwise claimed. No
language 1n the specification should be construed as indi-
cating any non-claimed element as essential to the practice
of the mvention.

Embodiments of this disclosure are described, including
the best mode known to the inventors for carrying out the
invention. Variations of those embodiments may become
apparent to those of ordinary skill in the art upon reading the
foregoing description. The inventors expect skilled artisans
to employ such vanations as appropriate and the mventors
intend for embodiments of the present disclosure to be
practiced otherwise than as specifically described. Accord-
ingly, the scope of the present disclosure includes all modi-
fications and equivalents of the subject matter recited in the
claims appended hereto as permitted by applicable law.
Moreover, although above-described eclements may be
described 1n the context of certain embodiments of the
specification, unless stated otherwise or otherwise clear
from context, these elements are not mutually exclusive to
only those embodiments 1n which they are described; any
combination of the above-described elements 1n all possible
variations thereol 1s encompassed by the scope of the
present disclosure unless otherwise indicated or otherwise
clearly contradicted by context.

All references, including publications, patent applica-
tions, and patents, cited are hereby incorporated by reference
to the same extent as 1 each reference were individually and
specifically indicated to be incorporated by reference and
were set forth 1n its entirety.

What 1s claimed 1s:

1. A system comprising:

at least one processor; and
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a memory having stored thereon executable instructions
that, in response to execution by the at least one
processor, cause the system to:
display a cursor proximate to a first object 1in an
augmented reality scene, the cursor positioned based
at least 1 part on first gesture data;

display a visual indication of a first selected state of the
first object, based at least 1n part on second gesture
data;

reposition the cursor proximate to a second object,
wherein the visual indication of the first selected
state of the first object remains displayed after the
cursor 1s repositioned proximate to a second object
and the second object 1s selected for an operation to
be applied to the first and second objects;

display a visual indication of a second selected state of
the second object; and

perform an operation associated with the first and
second objects, based at least 1n part on the first and
second selected states.

2. The system of claim 1, wherein the memory has stored
thereon executable mstructions that, when executed by the at
least one processor, cause the system to determine a classi-
fication of the first and second objects and to determine that
the second object 1s a candidate for selection based at least
in part on commonality of the classification of the first and
second objects.

3. The system of claim 1, wherein the cursor 1s reposi-
tioned proximate to the second object based at least 1n part
on a first classification of the first object and a second
classification of the second object.

4. The system of claim 1, wherein the visual indication 1s
based at least in part on a classification of the first object.

5. The system of claim 1, wherein the memory has stored
thereon executable mstructions that, when executed by the at
least one processor, cause the system to:

change a mode of interaction with the second object 1n
response to third gesture data; and

process additional gestures 1n accordance with the
changed mode of interaction.

6. The system of claim 1, wherein the visual indication 1s
indicative of a plurality of modes of interacting with the first
object.

7. A computer-implemented method, comprising:

determining a {irst position of a cursor, the first position
proximate to a {first object 1n an augmented reality
scene, the first position determined based at least 1n part
on first gesture data;

causing the cursor to be displayed, at the first position, by
an augmented reality device;

determining that the first object should be associated with
a selected state, based at least in part on second gesture
data;

causing a visual indication of the selected state of the first
object to be displayed by the augmented reality device;

determiming a second position of the cursor, the second
position proximate to a second object in the augmented
reality scene;

causing the cursor to be displayed, by the augmented
reality device, proximate to the second object, wherein
the visual indication of the first selected state of the first
object remains displayed after the cursor 1s repositioned
and the second object 1s selected for an action to be
applied to at least the first and second objects;

displaying a second visual indication of a second selected
state of the second object; and
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performing the action on the first and second objects,
based at least in part on the first and second selected
states.

8. The method of claim 7, further comprising determining,
that the second object can be selected least in part on a
classification of the first object.

9. The method of claim 7, turther comprising;:

identifying a plurality of objects in the augmented reality

scene sharing a common classification with the first
object; and

performing an action associated with the plurality of

objects 1n response to an indication to perform the

action on the first object.
10. The method of claim 7, further comprising selecting
the visual indication based at least 1n part on a classification

of the first object.
11. The method of claim 7, further comprising:

receiving third gesture data; and

changing a mode of interaction with the second object in

response to the third gesture data.

12. The method of claim 11, further comprising performs-
ing an action on the first and second objects based at least 1n
part on the changed mode of interaction.

13. The method of claim 7, further comprising;:

determining at least one of a classification or identity of

the second object;

obtaining 1nformation associated with second object,

based at least in part on the at least one of the
classification or 1dentity; and

selecting a mode of interaction based at least in part on the

obtained information.

14. The method of claim 7, wherein the visual indication
1s indicative of a plurality of modes of interacting with the
first object, the plurality of modes based, at least 1n part, on
an 1dentification of the first object.

15. A non-transitory computer-readable storage medium
having stored thereon executable instructions that, in
response to being executed by one or more processors of a
computing device, cause the computing device to at least:

display a cursor proximate to a first object in an aug-

mented reality scene, the cursor positioned based at
least 1 part on first gesture data;
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display a visual indication of a first selected state of the
first object, based at least 1n part on second gesture data
indicating selection of the first object;

reposition the cursor proximate to a second object,

wherein the visual indication of the first selected state
of the first object remains displayed after the cursor 1s
repositioned and a selected state 1s associated with the
second object;

display a second visual indication of a second selected

state of the second object; and

performing on operation on the first and second objects,

based at least in part on the first and second selected
states.

16. The non-transitory computer-readable storage
medium of claim 135, having stored thereon further execut-
able 1nstructions that, 1n response to being executed by one
or more processors of an augmented reality device, cause the
computing device to at least:

display an indication that the second object can be

selected, based at least 1n part on a common classifi-
cation of the first and second objects.

17. The non-transitory computer-readable storage
medium of claim 15, wherein the first gesture data comprises
information indicative of a three-dimensional space 1n the
augmented reality scene, the three-dimensional space
indicative of targets for selection.

18. The non-transitory computer-readable storage
medium of claim 15, wherein the first gesture data comprises
information indicative of a two-dimensional area.

19. The non-transitory computer-readable storage
medium of claim 15, having stored thereon further execut-
able 1nstructions that, 1n response to being executed by one
or more processors of an augmented reality device, cause the
computing device to at least receive an event indicative of
selecting the first object.

20. The non-transitory computer-readable storage
medium of claim 19, wherein the event 1s based at least 1n
part on the first gesture data and a position of the first object
in the augmented reality scene.
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